Phosphorus (P) is a primary limiting nutrient in rivers and streams, and excessive P results in eutrophication of freshwater systems, in turn, excessive algal growth/toxic algal blooms, oxygen depletion, and water quality degradation. This study analyzed P pool, and hydrolysis of organic P (OP) by native phosphatases (NPase) in the water samples collected in the Bronx River. 
Introduction
Phosphorus is commonly a limiting nutrient in rivers and streams [1, 2] , and it is an essential nutrient for all living organisms' growth and energy transport [3, 4] , however, excess P results in eutrophication and water quality degradation in rural and urban freshwater systems [5, 6] . Nutrient limitation is considered as a key nutrient that is a primary limiting factor; plant growth in ecosystems was proportional to the nutrient supply rate, if key nutrient supply excess necessary then consequently causing eutrophication. Restriction of nutrient loading or discharge is to control eutrophication [7] . Nutrient enrichment results in excessive algal growth and toxic algal blooms, resulting in decrease in dissolved oxygen level [8, 9] . Sewage effluent is a major P source [1] . Phosphorus concentrations in the water column varied by the bed sediments released P, the anthropogenic discharge, and particulate P in suspended sediments [10] . Various P compounds assimilated or deposited in sediments and biota can be chemically or enzymatically hydrolyzed to orthophosphate, releasing to the water column [5] . Orthophosphate is the only P form that autotrophs can assimilate [5] . Extracellular enzymes hydrolyze OP to phosphate. Excessive P results in eutriphication in freshwater systems, consequently excessive autotrophs production, leading to oxygen depletion becoming anoxic, high bacteria population and water degradation [5] . Dissolved organic phosphorus (DOP) palys an important role in natural water ecosystems [11] . Enzymatically hyrolyzable P (EHP), the monoesters of orthophosphoric acid, is the major organo-P in natural waters. It is important to know that EHP portion in DOP, to predict the bioavailability of P in water systems [2, 11] . P cycling and transport in the river were controlled by physicochemical factors and biological factors [12] . For example, extracellular enzymes hydrolyze OP to orthophosphate; phosphatases hydrolyze phosphorus esters to orthophosphate P, a bioavailable form [13] . Anthropogenic nutrient enrichment of natural water can lead to water quality declines, low dissolved oxygen concentrations, toxic algal blooms and fish-kills [7, [13] [14] [15] . Anthropogenic factors often result in large amount of P from point source (e.g. wastewater treatment plant) or non point source (e.g. fertilizer application to lawn, garden) discharged into freshwater systems [2, 5, [16] [17] [18] .
The P bioavailability is the criteria for estimating the eutrophication potential in rivers and streams [2, 19] ; thus, analyzing OP hydrolysis by NPase in the water samples is crucial. This study was conducted to provide reference data on P bioavailability and estimation of the potential threat on water quality caused by NPase hydrolysis of OP under increased temperature (i.e. hydro-climatic changes caused by global warming) in the Bronx River located in Westchester County and the Bronx (one of the boroughs of New York City), NY.
Methodology

Study Area
Bronx River, originates from headwater Davis Brook, around 20 miles (32 km) in length, flows all the way through Westchester County and the Bronx to the estuary, and joins the East River ( Figure 1 ) [2, 17, 20] . The Bronx River includes fresh and saline water. The Bronx River from city line (Site 9) to East Tremont Avenue Bridge (Site 12) is designated as Class B waters (dissolved oxygen is not less than 5 mg/L, fecal coliform shall not exceed 2400 MPN/100 mL), and the lower Bronx River from East Tremont Avenue Bridge is classified as the Class I saline surface water (dissolved oxygen is no less than 4.0 mg/L, total coliform standard shall not exceed 10,000 MPN/100 mL), and they are used for secondary contact recreation and fishing regulated by New York State. Water quality of both fresh and saline water systems are not in accordance with the EPA water quality standards: the fecal coliform level in the Bronx River was higher than the standard, and the dissolved oxygen level was lower than the standard in both fresh and saline water [20] . There are more than 100 stormwater and other discharges that flow to the river along the entire length from Westchester to the East River. The Hunts Point Wastewater Treatment Plant (WWTP) services this area [2, 17, 20] .
Water Sample Collection and Physico-Chemical Analysis
Water samples were collected from 14 sites along the river (Figure 1 and Geological Sciences at Lehman College of The City University of New York at the end of each sampling day, and stored at 4˚C in a Fisher Scientific Isotemp Laboratory Refrigerator until further experimentation [2, 17] . Electrical Conductivity (EC) and pH combination electrodes were used to determine the EC and pH of the water samples [2, 17] . Put 25 ml water sample from each site in a 50 ml beaker, and then the pH and EC were measured. The water samples were analyzed for SRP by UV-2501PC UV-VIS Recording Spectrophotometer (Shimadzu Corporation) using ascorbic method at wavelength 880 nm [21] . The TP of water samples were determined by persulfate digestion block method [22] . An automatic ascorbic acid method [21] is used to determine the TP in the extracts. The difference between TP and SRP is considered as OP.
Water Sample Native Phosphatases Hydrolysis
1 ml water sample and 3.2 ml Tris (Tris(hydroxymethy)-aminomethane)-HCl buffered pH = 7 solution, plus 1 drop of toluene were incubated at 37˚C for 6 h [2, 23] , and then measured the SRP in the solution as modified method by Shand and Smith [24] . The NPase hydrolyzed P was measured by the difference of the SRP after the incubation and the SRP without incubation; the percentage of OP hydrolyzed by NPase was calculated, in order to estimate the potential capability of NPase to hydrolyze OP under increased temperature in the river (modified methods from [4, 24, 25] ).
Results and Discussion
Selected Physico-Chemical Characteristics of Water Samples
There was no significant difference on pH along the river that ranged from 7. higher than the EPA standard of water quality value for P, which should be less than 15 µg·L -1 for all source water reservoirs within New York City Watershed [26] . The SRP concentrations in sites 11, 12, 13 and 14 (Bronx Zoo, East Tremont Ave Bridge and the estuary sties) in both years were considerably higher than other sites, showed downstream increased pattern, and the phosphate levels varied with salinity meanwhile affected by dilution factors in estuary [27] . The TP ranged from 29 to 1113 µg·L -1 in 2006 (the Sprain Brook tributary sites 7 and 8, the city line site 9, the estuary sites 13 and 14 had comparatively higher TP concentrations), and from 30 to 197 µg·L -1 in 2007 (the Sprain Brook tributary site 6, Bronx Zoo site 11, estuary sites 13 and 14 had higher TP concentrations) ( Figure 3) 
SRP, OP and TP Comparison with Other Rivers
The SRP concentrations were ranged from 70 -80 µg·L -1 in interstitial water (IW) and 70 -120 µg·L -1 in surface water (SW) and the average SRP was 47% of TP in Garonne River, southern France [28] . The maximum SRP concentrations in Bronx river water sample in both years were higher than Garonne River, and the average SRP% in 2006 was lower and in 2007 was higher than that of Garonne River. The TP concentrations ranged from 160 -180 µg·L -1 in IW and 160 -220 µg·L -1 in SW, which was a smaller range than Bronx River water sample, the maximum values were lower than those in 2006 of Bronx River sample. The SRP ranged from 2 -50 µg·L -1 in Wye River located in Queenstown, MD [27] at spring season and it was in the range of SRP in Bronx River water sample, in summer the SRP reached the peak of 400 µg·L -1 that was much higher than that of the Bronx River. The SRP and TP in streams within two east-central Illinois agricultural watershed (the Embarras and the Vermilion) was up to the same maximum concentrations of 2800 µg·L -1 [29] , which was much higher than SRP and TP maximum values in ronx River water samples. in River Enborne [30] , which were close to the Bronx River maximum SRP concentration in 2006. The DOP in waters of Tamar estuary in SW England ranged from 1.1 to 2.2 µg·L -1 , and constituted 6% -40% of the total dissolved phosphorus pool (TDP) [4] . The DOP concentrations were much lower than those of the Bronx River, and DOP percentage range was also smaller than that of the Bronx River.
The mean TP concentration of the upper Thames is 6600 µg·L -1 , and SRP form was 91%; There were six small sewage treatment plants in this agricultural subcatchment Rivers [12] . There is only Hunts Point WWTP in the estuary of the Bronx River compared with more WWTPs in the agricultural sub-catchment of Kennet and Dun Rivers, resulting in the TP concentration and SRP portion in upper Thames were way higher than those in the Bronx River for both years [12] . The TP in 2006 was much higher than the TP in Chesapeake Bay in 1970's varied from 150 to 200 µg·L -1 , and the SRP for both years were also much higher than the dissolved orthophospate of 5 -8 µg·L -1 in Chesapeake Bay in 1970's [31] . The TP ranged from 19.6 to 679.6 µg·L -1 , and the average ranged from 145.3 to 296.6 µg·L -1 in four upland streams in northern England in year 1 [32] [33] , which were way lower than TP average concentrations in the Bronx River. The spatial pattern of TP increase from upper to lower river in Elk was not found in the Bronx River, instead the tributary and the estuary tended to have higher TP. The hydrochemistry spatial and temporal variations lead to P concentration and proportion and their bioavailability variations [34, 35] . The phosphate needed to maintain equilibrium algal growth varied from 0.003 to 0.8 µg·L -1 [36] . There was a great potential for algal growth in the Bronx River. The released P from sediments and hydrolyzed P from microorganisms were potentially bioavailable for algal growth, endangered dissolved oxygen level and water quality.
The Npase Hydrolysis of OP in Water Samples and Comparison with Other Studies
The NPase hydrolyzed OP% (NPase%) ranged from 1% to 100% for Bronx River water sample collected in 2006 and from 0% to 100% in 2007 water sample ( Table 1 ). The results showed that fair amount of OP had been hydrolyzed to SRP that available to plants in the river without any addition of enzyme at 37˚C. It is a potential threat on water quality when the temperature increases [17, 25, 37, 38] . The OP was composed of 85% -88% of TP in leachate from a grassland soil, and when leachate was incubated at 37˚C without any addition of phosphatases, there was 10% -21% of TUP (total unreactive P) was hydrolyzed [2, 25] . The OP in the Bronx River ranged wider than the OP in leachate, however NP hydrolyzed OP was up to 100% for both of years. It was showing that a greater threat to the freshwater ecosystems resulting from P transfers when temperature increases [2, 25] .
The total EHP pool ranged from 1.1 to 15 µg·L -1 , and EHP fraction of DOP was 23% -100%, with a mean of 68% in the waters of the Tamar estuary in SW England [4] . The EHP concentration range was much narrower than that of Bronx River water, and the maximum value was only around 1% that of Bronx River water. The average hydrolyzed P% was in between that in 2006 and 2007. Kobori and Taga [39] found that EHP proportion relative to DOP was between 18% -50% in water systems where biological activity was high. In the Bronx River, NPase% was in a wider range with much higher percentages. The treated of inflow and outflow agricultural drainage water hydrolyzed by phosphodiesterases was 54 µg·L -1 that was 71% of OP [24] . The native enzymatically hydrolysable P in the Bronx River water was in a substantial amount compared with other studies. Therefore, when local temperature increases in summer (for example, July 2010, the temperature in NYC was higher than average record), there would be a potential for increased bioavailable phosphorus in the water column, causing eutrophication and threatening water quality.
Conclusion
The TP and OP average values in 2006 were much higher than in 2007; however, SRP was similar on average in both years. The SRP concentrations were much higher than EPA standard. Compared with other rivers, the P concentrations (SRP, OP, and TP) in the Bronx River were in substantial amounts and had a great potential for bioavailability. In both years, SRP concentrations showed downstream increased pattern; TP concentrations showed tributary and estuary increased pattern. The average SRP% in 2007 was almost three times of 2006, and average OP% in 2006 was more than 4 times of 2007. The NPase hydrolyzed up to 100% of OP% in the Bronx River water samples at 37˚C, indicating a potential threat of eutrophication of freshwater systems as the global rise in temperature may continue to occur.
